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Introduction
Glioblastoma is one of the most common primary tumors in the central nervous system and the most malignant tumor among gliomas [31] . For years, median survival rates for glioblastoma patients have hardly improved with conventional therapeutic strategies, including surgery, radiation, and chemotherapy [20] . Recently, a significant endeavor in investigation of cancer-specific molecular networks has drastically advanced our understanding of glioblastoma pathophysiology, such as three core pathways, receptor tyrosine kinase (RTK)/RAS/phosphatidylinositol 3-kinase (PI3K), p53 and retinoblastoma protein (RB), underlying gliomagenesis found by The Cancer Genome Atlas (TCGA) [7] . Identification of functional therapeutic targets that participate in the regulation of glioblastoma development and molecular factors associated with patient prognosis may provide new opportunities for treating this lethal cancer and further selecting individual patients for a specific therapeutic modality.
Amyloid precursor-like protein 2 (APLP2) is a type I transmembrane protein and a member of the amyloid precursor protein family, which is highly conserved and ubiquitously expressed [10, 30] . As reported previously, APLP2 has biochemical functions related to cell migration, signaling, adhesion, proliferation, and healing [9, 13, 17, 32] . Recently, dysregulation of APLP2 has been found in multiple cancer types, such as colorectal cancer, lung cancer, breast cancer, pancreatic cancer, and Ewing's sarcoma, and to be involved in abnormal growth, invasion, and metastasis [1, 2, 16, 21, 24, 29] . However, the expression pattern (increase or decrease) of APLP2 is found inconsistent from cancer to cancer, though the consequences are not really clear [22] . And also, the role of APLP2 in glioblastoma still has not been elucidated.
In this study, we first searched a public tumor database Project Betastasis to learn APLP2 expression and its relationship with prognosis in glioblastoma. Further, we applied tissue microarray comprising a large number of glioma and normal brain tissue samples to clarify the expression of APLP2 and its prognostic significance in glioblastoma. Our results showed that there was no change of APLP2 expression in glioblastoma tissues compared to the normal ones, but a poor prognosis of glioblastoma patients was associated with a high APLP2 expression.
Material and methods
Patients and tissue samples
The study protocol and acquisition of tissue samples were approved by the Specialty Committee on Ethics of Biomedical Research, Second Military Medical University. Glioma tissue samples were obtained from glioma patients who underwent surgery at Changzheng Hospital between 1999 and 2010. Normal brain tissue samples were obtained from trauma patients with severe head injuries, on whom partial resection of the brain was urgently needed. All the patients and legal guardians signed the informed consent forms of human tissue acquisition and used in this study following the National Regulations on the Use of Clinical Samples in China.
Tissue microarray and immunohistochemistry
The construction of microarray and immunohistochemistry were performed in Shanghai Biochip Company, Ltd as described previously [3, 12] . A polyclonal anti-APLP2 antibody (1 : 200; Abcam, Cambridge, MA, USA) was used for immunohistochemistry staining according to the manufacturer's instructions. All sections were scored by the intensity and extent of APLP2 expression by two pathologists independently. In particular, the intensity scored 0 to 3 (0: negative; 1: light brown; 2: medium brown; 3: dark brown), and the percentage of positive cells was scored as its value. The two scores of intensity and positive percentage were multiplied to estimate the expression level of APLP2.
Statistical analysis
All statistical analyses were performed with the SPSS 18.0 software (Chicago, IL, USA). Each experiment with means and standard deviation (SD) was subjected to student t-test. Wilcoxon rank-sum test was used to compare the difference of counting data between two groups. OS and PFS curves were plotted by the Kaplan-Meier method and compared by log-rank test. The identification of relevant prognostic factors was performed by univariate analysis, multivariate analysis, and stepwise backward Cox regression model. Variables with a value of p ≤ 0.2 on univariate analysis were added into the multivariate analysis. All statistical tests were two-tailed, the results were considered statistically significant when the p values were less than 0.05.
In silico analysis
The Project Betastasis (http://www.betastasis. com) provides mRNA expression and survival data of hundreds of glioma cases from two publically available datasets: Repository for Molecular Brain Neoplasia Data (REMBRANDT) and TCGA. The APLP2 expression data (Affymetrix HG U133 v2.0 Plus and Affy Human Exon 1.0 ST generated by REMBRANDT and TCGA, respectively) were collected, and a Student's t test was used to estimate expressional differences between glioblastomas and normal brain samples. In Kaplan-Meier, the median expression value of APLP2 was used as a cut-off value in both REMBRANDT and TCGA glioblastoma groups. Logrank p value was calculated in Project Betastasis.
Results

General clinical characteristics of glioma patients
A total of 269 glioma tissue samples (9 Grade I, 101 Grade II, 45 Grade III, and 114 Grade IV) and 16 normal brain tissue samples were eligible in our study for further evaluation. The period of follow-up of 114 glioblastoma patients was from 0.5 to 102 months. The recurrence was found in 106 (93%) cases, and only 6 (5.3%) patients were still alive. The median OS and median PFS were 11 months (95% CI: 9.460-12.540) and 9.5 months (95% CI: 7.976-12.024), respectively. The clinicopathological characteristics of patients with glioblastoma are listed in Table I .
Different changes of the APLP2 expression in glioblastoma at mRNA and protein levels
To determine the expression level of the APLP2 in glioblastoma, we first analyzed the transcriptional alterations of APLP2 in Project Betastasis from REMBRANDT (214 glioblastoma samples) and TCGA (201 glioblastoma samples) cohorts. APLP2 mRNA expression data of twenty-one and eleven normal brains were also collected from the two datasets, respectively. It was shown that no transcriptional change of APLP2 was detected in the REMBRANDT glioblastoma cohort compared to normal brains (2848.063 ± 663.896 vs. 2798.561 ± 427.910, p = 0.738) (Fig. 1A) . Additionally, when calculating in astrocytoma (66 samples) and oligodendroglioma (145 samples) groups with an unknown pathological grade from REMBRANDT, our results found a statistical difference of APLP2 mRNA expression between astrocytoma and the normal control (2508.292 ± 555.148 vs. 2798.561 ± 427.910, p = 0.023) (Fig. 1A) . Moreover, the difference of APLP2 mRNA expression between glioblastoma samples and normal brain tissues from TCGA dataset has no statistical significance (2325.871 (Fig. 1B) (Fig. 1B) . We further validated APLP2 protein expression in our glioblastoma cohort (114 samples) by immunohistochemistry staining. Consistently, compared to normal brain tissues, the expression of APLP2 protein was insignificantly changed in patients with glioblastoma (2.204 ± 0.848 vs. 1.997 ± 0.965, p = 0.265) (Fig. 1C) . In addition, the expression of APLP2 protein was assessed in different grades of glioma. As shown in Figure 1C -G, undifferentiated APLP2 protein expression was found among Grade I-IV groups and normal brains.
APLP2 expression predicts survival time and serves as an independent prognostic factor for glioblastoma patients
The relationship between the APLP2 expression level and clinical outcome was preliminarily examined in Project Betastasis. For the REMBRANDT glioblastoma cohort (178 cases), survival analysis showed that patients with a high expression of APLP2 had a shorter OS (376 days vs. 474 days, p = 0.0323) (Fig. 2A) . Though no statistically significant result was obtained in the OS analysis for the TCGA glioblastoma group (348 cases), there was still a moderate difference between high and low APLP2 subgroups (418 days vs. 447 days, p = 0.0578) (Fig. 2B) . Furthermore, the association between APLP2 expression and prognosis of glioblastoma from each subtype group in TCGA dataset was investigated. Notably, glioblastoma patients with a high APLP2 expression had a significantly worse outcome than low APLP2 expression ones in the proneural group (57 cases) (297 days vs. 748 days, p = 0.00373) (Fig. 2C) .
In our glioblastoma cohort, the median APLP2 expression score 2.70 was used as the cutoff value for survival analysis and divided patients into High (≥ 2.70) and Low (< 2.70) groups. As determined by the log-rank test, a high APLP2 expression was identified as a risk factor for OS (10 months vs. 12 months, p = 0.029) and PFS (8 months vs. 12 months, p = 0.018) of glioblastoma patients (Fig. 2D-E and  Table II) . Meanwhile, among other clinical features, age less than 60 years and a high resection degree were found to be protective factors for OS, as well as age less than 60 years for PFS (Table II) . Variables with p ≤ 0.2 in the above univariate analysis were then added into Cox proportional hazards regression model to estimate the ability of APLP2 to predict survival. As a result, a high expression of APLP2 (HR = 1.537, p = 0.041) and small extent of resection were demonstrated as independent risk factors for shorter OS in glioblastoma patients (Table III) . As for PFS of glioblastoma patients, the multivariate survival analysis indicated that a high APLP2 expression was also a risk factor (HR = 1.783, p = 0.037), and age less than 60 years, female, and radiotherapy acted as protective factors (Table III) .
Discussion
Previous studies have shown that human tumors express APLP2 in various amounts [22] . An increased expression of APLP2 has been found in colon cancer, pancreatic cancer, and Ewing's sarcoma, and that its pro-cancer functions, including proliferation, migration, invasion, metastasis and immune escape, are becoming increasingly clear [19, 21, 23, 25] . How ever, APLP2 is downregulated in lung neuroendocrine tumor, though the cause and effect are not well understood [2] . In the current study, we found no statistically significant difference between glioblastoma and normal brain in the level of APLP2 expression, which was also not related to the pathological grade of glioma but associated with the prognosis of glioblastoma patients.
Given the oncogenic role of APLP2 in diverse types of cancer [22] , it is suggested that APLP2 may also promote the development of glioblastoma. Nevertheless, it is currently unknown how APLP2 is regulated and functions in this malignant tumor. A few studies have demonstrated that miRNA-153 can modulate APLP2 expression at the post-transcriptional level [15, 18] . In glioblastoma, miRNA-153 shows a significantly reduced expression and works as a suppressor to decrease cancer cell proliferation and increase apoptosis [4, 8, 34, 35] . Previously it has been shown that APLP2 is also subject to regulation by retinoic acid (RA), which can induce an increased expression of the gene [5] . Glioblastoma exhibits a unique aberrant expression profile of RA signaling Fig. 2 . Expression of APLP2 in glioblastoma is associated with patients' prognosis. A) Kaplan-Meier survival analysis in 178 glioblastoma cases from REMBRANDT stratified by APLP2 expression shows that a high expression of APLP2 predicts a short survival time (376 days vs. 474 days, p = 0.0323). B) A moderate difference without statistical significance is obtained in OS analysis between high and low APLP2 subgroups from TCGA glioblastoma (n = 348) (418 days vs. 447 days, p = 0.0578). C) However, in the Proneural subgroup (n = 57), a patient with a high APLP2 expression has a significantly worse outcome than low APLP2 expression ones (297 days vs. 748 days, p = 0.00373). D-E) Survival analysis in our glioblastoma cases (n = 114) stratified by APLP2 expression indicates both shorter OS (10 vs. 12 months, p = 0.029) and PFS (8 vs. 12 months, p = 0.018) in patients with a higher APLP2 expression. genes with an augmented intratumoral RA level and alternative, pro-survival RA usage [6, 27] . However, both decreased miRNA-153 and elevated RA levels could not increase APLP2 expression in glioblastoma, and other unknown but predominant mechanisms involved in the process need further investigations. Current studies have shown evidence that APLP2 plays a key role in the essential biological decision of differentiating a neuronal stem cell into a neuron [28] . Recent findings also indicate that these normal stem cells have the similar phenotype and function with glioblastoma stem cells, including self-renewal and multi-lineage differentiation [33] . It is revealed that both types of stem cell may share some common molecular mechanisms such as the APLP2 signal. APLP2 is a trans-membrane protein, the intracellular domain of which contains a YENPTY motif and can bind several adapter molecules some of which are involved in the control of neurogenesis such as Dab1 and Numb [14, 26] . Numb is involved in cell fate decisions such as proliferation versus differentiation by its repressing activity on Notch [26, 28] . Consistently, Numb shows a similar expression pattern as APLP2 in glioblastoma (http://www.betastasis.com). Moreover, Numb also has been found to specify glioblastoma stem cell fate, although this manner does not require Notch inhibition [11] . Thus, there is an urgent need to discover the possible role of APLP2 in this cancer stem cell, which may explain the unchanged expression between glioblastoma tissues and normal brains.
Conclusively, we demonstrate that APLP2 expression is not significantly different among glioblastoma and normal brain, however, a high level of APLP2 is associated with poor prognosis in the glioblastoma patient group and APLP2 can work as an independent risk factor for OS. Additionally, understanding the function and molecular pathways involved by APLP2 will facilitate the development of therapeutic strategies for glioblastoma.
